Decoupling behaviour of O(m_t^4) corrections to the h^0 self-couplings by Hollik, Wolfgang & Penaranda, Siannah
ar
X
iv
:h
ep
-p
h/
02
10
10
8v
3 
 2
7 
Fe
b 
20
03
1
Decoupling behaviour of O(m4t ) corrections to the h
0 self-couplings
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The decoupling behaviour of the leading one-loop Yukawa-coupling contributions of O(m4t ) to the lightest
MSSM Higgs boson self-couplings, when the top-squarks are heavy as compared to the electroweak scale, is
discussed. As shown analytically and numerically, the large corrections can almost completely be absorbed into
the h0-boson mass and therefore, the h0 self-couplings remain similar to the coupling of the SM Higgs boson for
a heavy top-squark sector.
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1. Introduction
To establish the Higgs mechanism experimen-
tally, the characteristic self-interaction potential
must be reconstructed once the Higgs particle will
be discovered. This task requires the measure-
ment of the trilinear and quartic Higgs boson self-
couplings, as predicted in the Standard Model
(SM) or in supersymmetric theories. It is known
that relevant radiative corrections, dominated by
top-quark/squark loops, affect the Higgs-boson
masses and the self-couplings of the neutral Higgs
particles in the Minimal Supersymmetric Stan-
dard Model (MSSM) [1–5]. In this context, the
investigation of the decoupling behaviour of quan-
tum effects in the Higgs self-interaction could play
a crucial role to distinguish between a SM and
a MSSM light Higgs boson. Here we are con-
cerned with the one-loop corrections to the self-
couplings of the lightest CP-even MSSM Higgs
boson h0. As a first step, the leading one-loop
Yukawa contributions of O(m4t ) to the h
0 one-
particle irreducible (1PI) Green functions were
analyzed in details in [6] studying, both numeri-
cally and analytically, the asymptotic behaviour
of these corrections in the limit of heavy top
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squarks, with masses large as compared to the
electroweak scale. This talk summarizes results
of [6]. The corresponding analysis of the one-loop
contributions to the h0 self-couplings originating
from the Higgs sector itself has been presented
recently in [7].
2. Tree-level Higgs boson self-couplings
The trilinear and quartic vertices of the
Higgs field H in the SM are given by
λHHH = 3gM
2
H/2MZcW and λHHHH =
3g2M2H/4M
2
ZcW
2 (H≡HSM ) , with the SU(2)L
gauge coupling g and cW = cos θW .
In the MSSM, two parameters, conveniently
chosen to be the CP-odd Higgs-boson mass MA0
and the ratio of the vacuum expectation values
of each doublet, tanβ = v2/v1, are sufficient to
fix all the other parameters of the tree-level Higgs
sector [8]. Other masses and the mixing angle α
in the CP-even Higgs sector are then fixed, and
the Higgs boson self-couplings can be predicted.
The tree-level trilinear and quartic self-couplings
of the lightest MSSM Higgs boson can be written
as follows, λ0hhh = 3 gMZ cos 2α sin(β + α)/2cW
and λ0hhhh = 3g
2 cos2 2α/4cW
2.
Obviously, for arbitrary values of tanβ and
MA0 , these couplings are different from the
couplings of the SM Higgs boson. However,
2the situation changes in the so-called decou-
pling limit of the Higgs sector [9], defined by
considering MA0 ≫ MZ yielding a particu-
lar spectrum with very heavy H0, H±, A0
bosons of similar masses and a light h0 boson
with a tree-level mass of M treeh0 ≃ MZ | cos 2β|.
This limit also implies α → β − pi/2, and
one obtains that the h0 self-couplings tend to-
wards λ0hhh ≃ 3gM
2 tree
h0
/2MZcW , λ
0
hhhh ≃
3g2M2 tree
h0
/4M2ZcW
2 . Thus, the tree-level cou-
plings of the light MSSM Higgs boson approach
the couplings of a SM Higgs boson with the same
mass.
3. O(m4t ) one-loop contributions
The one-loop leading Yukawa corrections from
top and stop loop contributions to the h0 ver-
tex functions were derived in [6] by the dia-
grammatic method using FeynArts 3 and Form-
Calc [10]. To obtain the UV-finite renormal-
ized vertex functions, renormalization has to
be performed by adding appropriate counter-
terms. The standard procedure [12,13] yields the
counterterms for the n-point (n = 1, ..., 4) ver-
tex functions expressed in terms of the renor-
malization constants for fields and parameters,
δZH1,2 , δv , δg
2 , δg
′2 , δm21 , δm
2
2 , δm
2
12, which are
fixed by imposing the on-shell renormalization
conditions. Explicit results for these renormaliza-
tion constants, with restriction to the dominant
O(m4t ) contributions, are listed in [6]. Here we
summarize the results for the MSSM renormali-
zed vertex functions.
The discussion of decoupling requires the
asymptotic limit in which the t˜ masses are very
large as compared to the external momenta and
to the electroweak scale, m2
t˜1
,m2
t˜2
≫ M2Z ,M
2
h0
.
We consider two scenarios.
(i) In the first case we assume that t˜1 and t˜2
are both heavy but with masses close to each
other [11], i.e.
|m2
t˜1
−m2
t˜2
| ≪ |m2
t˜1
+m2
t˜2
| . (1)
Under this condition the analytical results
for the MSSM renormalized vertex functions
∆Γˆ
t,t˜ (n)
h0
(n = 1, ..., 4), become rather simple.
The renormalized one-point function vanishes,
according to the corresponding renormalization
condition: ∆Γ
t,t˜ (1)
h0
+ δΓ
t,t˜ (1)
h0
= 0. So, by adding
the one-loop and counterterm contributions, we
are able to write the results for ∆Γˆ t,t˜
h0
as follows,
∆Γˆ
t,t˜ (2)
h0
= ∆M2h0 ,
∆Γˆ
t,t˜ (3)
h0
=
3
v
∆M2h0 −
3
8pi2
g3
MW
3 m
4
t ,
∆Γˆ
t,t˜ (4)
h0
=
3
v2
∆M2h0 −
3
4pi2
g4
MW
4 m
4
t , (2)
where v = 2MW /g and ∆M
2
h0
represents the
(leading) one-loop correction to the h0 mass,
∆M2h0 = −
3
8pi2
g2
MW
2 m
4
t log
m2t
mt˜1mt˜2
, (3)
corresponding to the fact that the renormalized
two-point function is responsible for a shift in the
pole of the h0 propagator.
The UV-divergences cancel between the one-
loop and the counterterm contributions. More-
over, a logarithmic heavy mass term, which looks
like a non-decoupling effect of the heavy particles
in the renormalized vertices, disappears when the
vertices are expressed in terms of the Higgs-boson
mass (see eqs. (2) and (3)) and, therefore, they
do not appear directly in related observables, i.e.
they decouple.
Notice that, without the non-logarithmic top-
mass terms in the trilinear and quartic h0 self-
couplings in (2), the h0 self-couplings at the one-
loop level have the same form as the tree-level
couplings, with the tree-level Higgs-boson mass
replaced by the corresponding one-loop mass
M2h0 = M
2 tree
h0 +∆M
2
h0 .
To interpret the non-logarithmic top-mass
terms O(m4t ) in (2) in a correct way, we have to
calculate the equivalent one-loop O(m4t ) contri-
butions in the SM. After the on-shell renormal-
ization of the trilinear and quartic couplings in
the SM, one finds that the SM results correspond
precisely to the two non-logarithmic terms in (2).
Hence, the non-logarithmic top-mass terms are
common to both h0 and HSM .
Therefore, we conclude that the O(m4t ) one-
loop contributions to the MSSM h0 vertices ei-
ther represent a shift in the h0 mass and in the
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Figure 1. O(m4t ) results for ∆λhhh/λ
0
hhh and
∆M2h/M
2
h (h ≡ h
0) as function of MA0 , for di-
fferent values of tanβ, in the limit of heavy stop
masses but very close to each other.
h0 triple and quartic self-couplings, which can be
absorbed in Mh0 , or reproduce the SM top-loop
corrections. The triple and quartic h0 couplings
thereby acquire the structure of the SM Higgs-
boson self-couplings. Heavy top squarks with
masses close to each other thus decouple from the
low energy theory when the self-couplings are ex-
pressed in terms of the Higgs-boson mass in the
MA0 ≫MZ limit.
To illustrate these results also quantitatively,
we plot in Fig. 1 the ratio ∆λhhh/λ
0
hhh and the
O(m4t ) one-loop Higgs-boson mass correction as
functions ofMA0 for different values of tanβ. The
values of the supersymmetric (SUSY) parameters
were chosen in such a way that they obey the
asymptotic conditions (1) for the squark sector:
MQ˜ ∼ MU˜ ∼ 15 TeV for the diagonal entries
in the t˜ mass matrix, µ ∼ |At| ∼ 1.5 TeV for
the µ−parameter and the trilinear coupling. The
SM parameters are taken from [14]. Clearly, the
asymptotic and exact results are in agreement for
large MA0 values, above 500 GeV, depending in
detail on tanβ. The agreement of the mass re-
sults with the vertex corrections is clearly visible.
Therefore, the radiative corrections to λhhh, al-
though large, disappear when λhhh is expressed
in terms of Mh0 .
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Figure 2. O(m4t ) radiative corrections to the tri-
linear h0 self-coupling and to the h0 mass as a
function of MA0 , when the stop mass splitting is
of O(MU˜ ).
(ii) For the second scenario, we consider a
squark sector where the stop mass splitting is of
the order of the SUSY mass scale, i.e,
|m2
t˜1
−m2
t˜2
| ≃ |m2
t˜1
+m2
t˜2
| . (4)
The analysis has been done numerically, based
on the exact results for O(m4t ) corrections to
the triple and quartic self-couplings. The set of
SUSY parameters has been specified as follows:
MQ˜ ∼ 1 TeV , MU˜ ∼ µ ∼ |At| ∼ 500 GeV [6].
With this choice of SUSY parameters, the top-
squark masses are large but their difference is of
O(MU˜ ), such that |m
2
t˜1
−m2
t˜2
|/|m2
t˜1
+m2
t˜2
| ≃ 0.6.
In Fig. 2 we present numerical results for the
variation of the trilinear coupling and for the
O(m4t ) h
0 mass correction as functions of MA0 ,
for different values of tanβ. The radiative co-
rrection to the angle α is also taken into account.
The non-logarithmic finite contributions to the
three-point function owing to the top-triangle dia-
grams is not taken into account in the figures
since it converges always to the SM term.
We can see in Fig. 2 that the relation
∆λhhh/λ
0
hhh ≈ ∆M
2
h0
/M2 tree
h0
is only fulfilled up
to a small difference which remains also for large
MA0 . But even in the most unfavorable cases,
namely low tanβ and MA0 values, the difference
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Figure 3. O(m4t ) radiative corrections to the tri-
linear h0 self-coupling and to the h0 mass as a
function of MA0 , when the stop mass splitting is
of O(MQ˜).
between the h0 mass and self-coupling at one-
loop does not exceed 6% (for tanβ = 5 and
MA0 = 200 GeV, it is about 5%). For large
MA0 , i.e. in the decoupling limit of the MSSM
Higgs sector, the difference decreases to the level
of 1%. By taking into account that experimental
studies indicate that for a SM-like Higgs boson
with mh = 120 GeV at 1000fb
−1 a precision of
δλhhh/λhhh = 23% can be reached [15,16], it will
not be possible to measure this difference e.g. at
TESLA.
For very large SUSY scales this small diffe-
rence, observed in Fig. 2, also vanishes. To show
this, we choose the SUSY parameters to be in
accordance with the condition (4), as follows:
MQ˜ ∼ 15 TeV , MU˜ ∼ µ ∼ |At| ∼ 1.5 TeV . In
this case, one gets |m2
t˜1
−m2
t˜2
|/|m2
t˜1
+m2
t˜2
| ≃ 0.97.
The results are given in Fig. 3. Here we see that
the difference between the vertex corrections and
the Higgs-boson mass disappears. Quantitatively,
one finds that for tanβ = 5 and MA0 = 2 TeV it
decreases to ∼ 0.03%, and for the most unfavo-
rable case, i.e tanβ = 5 and MA0 = 200 GeV, it
is about 0.2%.
Therefore, from the numerical analysis one can
conclude that also for the case of a heavy stop
system with large mass splitting, of the order of
the typical SUSY scale, the O(m4t ) corrections to
the trilinear h0 self-couplings are absorbed to the
largest extent in the loop-induced shift of the h0
mass, leaving a small difference of at most a few
per cent, which can be interpreted as the genuine
one-loop corrections when λhhh is expressed in
terms of Mh0 . Similar results have been obtained
also for the quartic h0 self-coupling.
4. Conclusions
We showed analytically that, in the limit of
large MA0 and heavy top squarks, with mt˜1
and mt˜2 close to each other, all the apparent
non-decoupling one-loop effects, which constitute
large corrections to the h0 self-couplings, are ab-
sorbed in the Higgs-boson mass Mh0 , and the h
0
self-couplings get the same form as the couplings
of the SM Higgs boson. Therefore, such a heavy
top-squark system decouples from the low energy
theory, at the electroweak scale, and leaves be-
hind the SM Higgs sector also in the Higgs self-
interactions.
The limiting situations where the t˜-mass diffe-
rence is of the order of the SUSY mass scale have
been also analyzed numerically. Similarly to the
previous limit, the radiative corrections to the h0
self-couplings are large, but their main part can
again be absorbed in the mass Mh0 . For large
MA0 , i.e. in the decoupling limit, the differences
between the vertex corrections and the mass re-
sults are insignificant.
Therefore, the h0 self-interactions are very
close to those of the SM Higgs boson for the heavy
stop sector and would need high-precision experi-
ments for their experimental verification.
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